This paper discusses the factors that lead to green buildings operations and maintenance (O&M) problems in Malaysia. Several factors that lead to complexities in managing and maintaining green buildings have been highlighted by several scholars and practitioners in the construction industry. However, the criticality of these factors has yet to be empirically explored in the Malaysian context. A questionnaire survey was carried out involving green building maintenance management teams and Green Building Index (GBI) facilitators in Malaysia. Frequency and criticality index calculations were carried out to rank the factors according to level of criticality. The result indicated that the most critical factor that leads to green building O&M problem is the failure to consider the aspect of maintainability during the design stage. It is hoped that the findings of this study will shed light to green building designers and management teams on the critical aspects that demand scrutiny and consideration for successful O&M of green buildings in Malaysia.
Introduction
Green buildings are designed, constructed, and operated to boost environmental, economic, health and productivity performance over that of conventional buildings [1] . It has proven to be successful in contributing towards sustainability of the environment, economy and society [2] . Green building is often developed under the guideline of a rating system, which provides guidance on "green" measurements. In Malaysia, the Green Building Index (GBI) tool is used as the rating system for assessing green buildings. However, "green" development is often focused merely on design, material selection, construction and building technology (equipment and systems) in order to acquire green certification. The O&M aspect remains largely ignored, in spite of its significant impact on operation expenses and the life span of the building [3] .
Green Building Operations and Maintenance Issues
There is the need for sustainable maintenance for green buildings. Sustainable maintenance is a maintenance system that meets the value system of the present users without compromising the ability of meeting the value system of the future users [4] . Maintenance contributes to sustainability by holding noxious to the bare minimum level, reducing energy and resources emission by ensuring the durability and availability of the building facilities, and providing information to the designers on the features of already installed components [5] . The maintenance of green buildings does not only impact operations cost but also affect social and environmental aspects. A building that is not well maintained will affect the quality and productivity of the users and the environment [4] . People's comfort and productivity is relative to the performance of the building they live, learn and work in [6] .
Several researches have shown that many green buildings are underperforming during O&M stage especially in energy performance. Green buildings use more energy than it was intended to [7, 8, 9, 10] . The Malaysian government expressed interest in greater implementation of green buildings though Malaysia is still very much lacking behind in green building developments as compared to other Asia Pacific countries. It is unknown whether the green buildings in Malaysia are actually performing as expected. This is due to the fact that green O&M is not part of the requirements for green building certification. The GBI rating tool merely assesses the "greenness" of green buildings based on the design and the actual building after completion.
There are many researches and studies about building maintenance. Some of researchers emphasised the main factors that lead to building O&M problems such as faulty design [11, 12, 13, 14] , financial factors [16, 17] , faulty construction [14, 15] and maintenance related defects [11, 12, 15, 16] Saghatforoush et al. (2012) categorised all the issues and problems during the operations and maintenance stage of building into five aspects namely technical defects (design problems; construction related defects; maintenance related defects; and building characteristics); managerial problems (project management; economical and financial; resource management; and maintenance management problems); environmental and biological effects; social and cultural problems (cultural practices; third party vandalism; and user related defects); and political and legal factors (political and government restrictions and standards; and contractual defects) [18] .
The Study
A preliminary survey was conducted to probe further into the factors that lead to green building O&M problems. A questionnaire was prepared based on the theoretical factors discovered from the literatures. The criticality level of the factors was represented by Likert scale. The reliability of the questionnaires was tested by conducting a pilot test that involved 30 selected respondents ranging from academicians to professionals in the construction industry. A Reliability Test was carried out and a Cronbach's Alpha of 0.768 was achieved for the questionnaires, indicating that the instrument is reliable for the following survey.
The questionnaires were then sent to two groups of respondents comprising 50 respondents from green building maintenance management teams in Malaysia and 50 respondents from GBI accredited facilitators, via post and electronic mail. A total of 30 questionnaires were successfully returned. 21 of the response were from green building maintenance management teams in Malaysia and 9 from GBI accredited facilitators. The data was then analysed using frequency calculation. This was then followed by criticality index calculation to rank the factors according to level of criticality.
The findings of the survey (Figure 1 ) indicate that technical defect is the most critical aspect that leads to green building O&M problems in Malaysia. This is followed by the managerial problems; social and cultural problems; political and legal factors; and environmental and biological effects. The criticality of the factors were then determined and the result indicates that design problems in technical defects aspect is the most critical factor that leads to green building O&M problems.
Conclusion
This preliminary study has shown that a successful green building is more than just green design and technology. In order for a green building to truly be "green", O&M should also be carried out in a "green" way. The critical factors that lead to green building O&M problems identified in this study will shed light on the priorities for a successful green building. Design for maintainability needs to be given the utmost attention as suggested by the result of the preliminary survey. This study also calls for the GBI rating tool to include green O&M for green building certification. Assessment that goes beyond green design, construction and technology is vital to ensure that Malaysian green buildings are totally "green" in its life cycle. The result from the preliminary survey clearly indicates that technical defects are the most critical aspect that leads to green building O&M problems. Design problems have been identified as the most critical factor that leads
24
Green Technologies and Sustainable Development in Construction to green building O&M problems. Other aspects and factors though less critical should also be considered in the O&M of green buildings. Figure 1 : The summary of findings 
